any authors have recommended undercorrection of the deformity when carrying out unicompartmental knee arthroplasty (UKA). The isolated effect of alignment of the knee on the outcome of UKA has, however, received little attention.
Since the early 1970s, unicompartmental knee arthroplasty (UKA) has been a controversial option for the treatment of arthritis of a single compartment in the knee. Most advocates of the procedure recommend careful selection of patients, citing factors such as age, weight, level of activity, diagnosis and the degree of preoperative angular deformity as affecting the outcome. [1] [2] [3] [4] The influence of postoperative alignment of the knee on the outcome of UKA has not been addressed. In a series of 102 knees, Larsson et al 3 found that minor postoperative malalignment had no effect on outcome, although patients with a pronounced postoperative deformity had a poorer outcome. Other studies have associated overcorrection of the tibiofemoral deformity with progression of the disease 5 and undercorrection with accelerated wear of the polyethylene. 6 The optimal alignment for a knee with a UKA remains controversial. We have therefore specifically assessed the effects of pre-and postoperative alignment of the knee on the outcome of UKA.
Patients and Methods
We reviewed retrospectively all patients who had undergone a medial UKA and who were available for follow-up for five years. All procedures were undertaken at one institution by a single surgeon, using metal-backed tibial components. For the purposes of this study, we defined undercorrection as a postoperative tibiofemoral angle of less than or equal to 4° of valgus alignment. We regarded overcorrection as a postoperative tibiofemoral angle of more than 10° of valgus. The knee was considered to be in normal alignment if the postoperative tibiofemoral angle was between 5° and 10° of valgus. There were 254 knees in 204 patients. We were unable to assess 22 knees (16 patients) because the patients had died before the minimum follow-up period of five years. At the time of their deaths five patients with bilateral UKAs had proper follow-up on one of their knees but inadequate review of their opposite knee. Thirty-eight patients (42 knees) were lost to follow-up. Therefore, at a minimum of five years after UKA information was available for 185 knees (150 patients).
There were 84 men and 66 women with a mean weight of 83.6 kg (53. implants. Although there were differences in design, all had metal-backed tibial components with relatively flat polyethylene articular surfaces. In 157 knees both components were cemented, in 22 they were hybrid with a cementless femur and cemented tibia, in five they were uncemented and in one the femoral component was cemented and the tibial component was press-fit. The composite thickness of the tibial components varied from 6.0 to 12.5 mm (Table I) . Operative technique. The indications for UKA were the intraoperative findings of arthritis of the medial compartment with changes in the patellofemoral and lateral compartments of less than grade 2 according to the classification of Outerbridge, 7 a preoperative alignment deformity of less than 10°, a preoperative flexion contracture of less than 15° and ligamentous stability. Weight and age were not considered in the decision to perform UKA.
A medial parapatellar or a midvastus approach was used. After achieving adequate exposure, the articular surfaces were assessed to determine if the patient met the above indications. The femur was prepared in an attempt to match the distal femoral valgus angle, as measured on preoperative radiographs. The tibia was prepared in order to align with the femoral component. No ligamentous releases were undertaken. With trial components in place, movement of the knee was tested. If the knee opened by approximately 2 to 3 mm with varus and valgus stressing throughout the flexion arc, the soft-tissue tension was considered to be appropriate, and the bone cuts and sizing of components were considered to be correct. After surgery, patients began routine physiotherapy with weight-bearing as tolerated.
Clinical assessment. The patients were assessed preoperatively using the Hospital for Special Surgery (HSS) scoring system. 8 We also used the HSS scoring system after operation to assess patients until October 1993, after which we used the Knee Society Score (KSS). 9 The patients were reviewed at six weeks, four months, and then at yearly intervals. In order to standardise the clinical outcome for each patient, we extrapolated the pain and range of movement from each of the scoring systems and converted this information to an outcome score using the system of Marmor 10 (Table II) . Since the predominant preoperative complaints were pain and stiffness, we felt that the Marmor rating adequately reflected success or failure. Weight-bearing anteroposterior and lateral radiographs in flexion were obtained at each follow-up visit. The tibiofemoral angle (TFA) was measured preoperatively and at the most recent assessment using 26 ϫ 6 cm radiographs. A standing, long-alignment radiograph was taken four months after surgery in order to measure the postoperative TFA. We defined the amount of correction of the TFA as the difference between the preoperative and postoperative measurements. Any loss of correction was the difference between the postoperative TFA and the TFA measured at the most recent examination. Statistical analysis. For statistical analysis we used SPSS software version 8.0 (SPSS Inc, Chicago, Illinois). Multiple linear regression analysis was used to determine differences in alignment of the knee among outcome measures, while adjusting for any confounding effect of age, weight, gender and the type of implant. Three separate regression analyses were performed. The dependent variables in the analyses were preoperative TFA, the amount of correction and the loss of correction of the TFA. Independent variables included age, weight, gender, type of implant and the outcome as judged by the Marmor rating or the revision status. The thickness of the implant was also included as an independent variable when analysing the amount of correction of the TFA.
We also examined the effects of age, weight, gender and thickness of the implant on the outcome. A one-way analysis of variance was used to evaluate differences in age among the Marmor groups. A post-hoc Tukey test identified which group was significantly different from the others. A two-sample Student t-test was used to examine the difference in mean ages between the revised and unrevised patients.
A non-parametric Kruskal-Wallis test determined whether the median weight differed among the four Marmor groups. The Kruskal-Wallis test determined differences in the mean weights of the revised and unrevised patients. For categorical data (gender and type and thickness of the implant), Pearson chi-squared tests were used to detect differences among the Marmor groups. Fisher's exact tests were used to detect differences between the revised and unrevised groups. Statistical significance was set at p < 0.05. The measurements of the preoperative TFA and the amount and loss of correction of this angle are summarised in Table III . Using multiple linear regression analysis to remove the confounding effects of age, weight, gender and type of implant, the mean degree of preoperative TFA in the group of patients with a failed Marmor rating (1° varus) was significantly less than the preoperative TFA in the group of patients with our excellent Marmor rating (3.1°v arus, p = 0.038). The mean degree of preoperative TFA in the failed Marmor group (1° varus) was also significantly less than for the group with poor Marmor scores (4.4°v arus, p = 0.044). After adjusting for age, weight, gender and the type of and thickness of the implant, the mean correction of the TFA was significantly less in the group with Marmor rating of failure (6.8°) than in the group with an excellent Marmor result (9.2°, p = 0.034). The mean correction in the failed group (6.8°) was also significantly less than for the group with poor Marmor ratings (11.1°, p = 0.039). In addition, the mean loss of correction of TFA was significantly greater in the group in the failed Marmor group (4.8°) than in that rated excellent (3.6°, p = 0.044).
With multiple linear regression analysis, we also examined the preoperative alignment of the TFA and revision status, while adjusting for age, weight, gender and type of implant. The mean preoperative TFA in the revised patients (0.62° varus) was significantly different from that of these who did not need revision (3.1° varus, p = 0.011). We included thickness of the implant in the regression analysis of the correction of the TFA and found that patients in the unrevised group had a greater correction (mean 9.1°) than those who were revised (mean 6.6°, p = 0.033). There was no difference in the loss of correction of the TFA between the revised and unrevised patients (p = 0.298).
We found no statistically significant relationship between outcome and the weight or gender (p > 0.05). We did find that the patients requiring revision were significantly younger (p < 0.001) at the time of UKA (mean 61 years; 95% CI 58.56 to 63.85) than those who did not (mean 67 years; 95% CI 66.03 to 68.39). A comparison of age with the Marmor rating showed that patients in the failed group were significantly younger (p < 0.001) (mean, 61 years; 95% CI 58.83 to 64.11) than those with an excellent result (mean, 68 years; 95% CI 66.26 to 69.24). The patients in the failed group (mean, 61 years; 95% CI 58.83 to 64.11) were also significantly younger (p = 0.029) than those with a good rating (mean, 66 years; 95% CI 63.98 to 68.82).
We examined the thickness of the tibial component and found that revised UKAs had a significantly higher (p = 0.001) percentage (63%, 19/30) of thinner tibial implants (<8 mm) than those which survived (27%, 42/155). The percentage of thin implants in patients revised less than five years after UKA (67%, 8/12) was not significantly different (p = 0.51) than that in patients revised after five years (61%, 11/18). We compared the type of implant and the Marmor rating and found no statistically significant differences among the groups (p = 0.61). We also found no statistically significant differences in the type of implant between the revised and unrevised patients (p = 0.40).
Discussion
Much of the literature concerning UKA has advocated relative undercorrection of the alignment of the knee with the presumption that overcorrection increases the risk of failure by progression of the disease. [11] [12] [13] [14] There is little evidence, however, that undercorrection improves the outcome or that overcorrection causes progression. These previous reports have focused on the general results of UKA with alignment being only one of many parameters which were investigated. They did not find a statistically significant relationship between either the TFA or the position of the mechanical axis and outcome in terms of rates of failure or HSS scores (Table IV) . [15] [16] [17] [18] These studies involved small series of between 37 and 106 UKAs. Their inability to show a relationship between alignment and outcome could have been because the size of the population and ranges of final alignment were insufficient for meaningful statistical analysis. Unlike these previous studies, our results showed that patients who required revision were in less varus preoperatively (mean, 0.62°) and had less correction of the TFA (mean, 6.6°) than those in whom the UKA was still in situ more than five years after implantation (Table III) . Since we did not perform ligamentous release, alignment was largely dependent on three factors, namely, the amount of passive correction possible at the time of surgery, the level of bone resection and the thickness of the tibial implant. A knee in less varus may have less laxity medially and allow less overall correction. In our series, the surgeon routinely used a conservative tibial resection and a relatively thin tibial implant. This resulted in higher rates of failure, mainly because of failure of polyethylene. A greater proportion of thin tibial implants was revised compared with thicker implants, a finding which supports other studies which have identified high rates of failure with unicompartmental tibial implants which are less than 8 mm thick. [19] [20] [21] We acknowledge that our study has several weaknesses inherent in a retrospective analysis. First, we used several designs of implant. We felt, however, that all knees warranted inclusion in the study, since the surgical philosophy was consistent and the designs of the implant were similar. Secondly, although clinical follow-up was available for all reported cases, radiographs from which to measure all the parameters of alignment were not. Nevertheless, the number of cases in each category examined was larger than any found in the current literature on UKA (Table IV) . Thirdly, because the outcome measurements evolved from the HSS scores to KSS scores during the study period, we needed to use a simple score which could be extrapolated from each. We chose the Marmor rating, 10 an outcome method which focuses only on pain and movement. We felt that this was appropriate as these are the usual indications for UKA. Despite these limitations, our study provides valuable information. To some extent, tibiofemoral alignment and the thickness of the tibial implant are interrelated. Perhaps the goal of relative undercorrection forces some surgeons to use a thin tibial implant in order to maintain conservative bone resections which can predispose to early failure of the implant. We therefore recommend that the goal of UKA should be appropriate ligamentous balance and a conservative tibial resection which still allows the use of a tibial implant that is at least 8 mm thick. The surgeon should avoid undercorrecting the TFA if it requires the use of a thin tibial implant.
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